The benefits of highly active antiretroviral therapy (HAART) have been well documented in the literature globally[@ref1][@ref2][@ref3] and free antiretroviral therapy (ART) programmes have been rolled out in many countries[@ref4][@ref5][@ref6]. India has an estimated population of 2.39 million HIV infected individuals with an adult prevalence of 0.31 per cent[@ref7]. The free ART programme was rolled out on April 1, 2004. As on March 2012, a total of 355 ART Centres are functional in 31 States and Union Territories and more than 5,16,000 patients are receiving antiretroviral treatment (ART) at these centres[@ref8]. Several investigators have studied the treatment response of ART at individual ART centres[@ref9][@ref10]. Evaluation of ART roll out programme carried out in south[@ref11] and north India[@ref9] has documented good clinical response to therapy, as indicated by significant weight gain and improvement in CD4 count especially for patients with higher baseline CD4 count[@ref10][@ref11]. Low retention rate, low adherence and drug resistance are some of the concerns identified in these studies.

Here we report the evaluation findings of effectiveness of national programme in HIV infected patients attending the free ART roll out programme clinic at National AIDS Research Institute (NARI) in Pune, India.

Material & Methods {#sec1-1}
==================

*Study site*: The National AIDS Control Organization (NACO) extended free ART roll out programme in December 2005 to one of the NARI clinics at Pune to provide care and support to HIV infected participants from NARI research studies who are eligible to receive free ART as per the National guidelines[@ref12]. All antiretroviral treatment naive adult patients registered between December 2005 and April 2008 were included in the analysis.

*Patients and clinical services*: Initially, baseline investigations of HIV infected patients were done as per the national treatment guidelines[@ref12] and the eligible patients were initiated on one of the following combination of first-line regimens after obtaining their consent.

I. Zidovudine (300 mg) + lamivudine (150 mg) + nevirapine (200 mg)

I (a) Stavudine (30 mg) + lamivudine (150 mg) + nevirapine (200 mg)

II\. Zidovudine (300 mg) + lamivudine (150 mg) + efavirenz (600 mg)

II (a) Stavudine (30 mg) + lamivudine (150 mg) + efavirenz (600 mg)

The patients were provided drugs for one month and were required to come back after a month for follow up visit and to collect drugs for the next one month. The patients who were on zidovudine and nevirapine based regimen were requested to come after every 15 days initially for one month to get tested for haemoglobin and alanine aminotransferase (ALT). The patients were clinically evaluated on each follow up visit. A patient centred approach was used to promote adherence which was assessed by pill counts with counselling reinforced at every follow up visit. The patients who did not turn up for collecting the drugs at their scheduled visits were either contacted telephonically or by home visit. Chemoprophylaxis was given as per the national guidelines[@ref12]. The referral of patients was done to local tertiary care government hospital for inpatient care and tuberculosis treatment, if required.

*Laboratory investigations*: The CD4 counts were estimated using the standard flow cytometer (FACSCalibur, Becton Dickinson, USA) using panleukogating and lyse no wash techniques and expressed as cells/μl.

*Viral load estimation*: A proportion of patients who came during follow ups were tested for HIV viral load using in house assay based on TaqMan Real Time PCR (ABI7900HT). The PCR cycling condition was essentially done as reported by Kamat *et al*[@ref13]. Briefly, 140 μl of plasma samples were used to extract viral RNA using QIAamp viral RNA mini kit (Qiagen Inc., USA) following manufacturer\'s protocol. The RT-PCR was carried out in a 20 μl reaction, containing 5μl of viral RNA, RNase-free water, 1μl of random hexamers and 1μl of RNase Inhibitor. The cDNA synthesized from the above step was used to assess the viral load. In absolute quantification by Real Time PCR assay, determination of viral load was done by running unknown samples along with a standard series. Here, linearised plasmid DNA containing HIV-1 Gag was used to form standard curve. The variability precision results of intra-assay (CV%=3.33, 1.90 & 1.90%) and inter-assay (CV%=13.21%) were acceptable.

*Statistical analysis*: Data were generated for each patient at baseline and month 6, year 1, year 2, year 3, year 4 and year 5. The clinical and laboratory data analyzed included absolute CD4 counts, proportion of opportunistic infections and body mass index (BMI). Patients alive and in care till March 31, 2011 were right-censored on the date of their last visit prior to this date. Kaplan-Meier survival analysis was performed to determine survival probability. Only reported deaths were considered in the analysis. Log rank statistics were used to test the equality of survival distribution in above and below baseline CD4 count of 100 cells/μl. The time was measured from the start of ART and ended at the earliest of: the date of death, the date of last follow up or at 5 years after start of treatment.

Median and Inter quartile ranges were calculated for CD4 and BMI. The change in absolute median CD4 lymphocyte counts from baseline to end of every year was assessed using Mann Whitney test. CD4 counts that fall within the window of 30 days (±30 days) of the scheduled 6 monthly visits were considered for analysis.

Adherence of the patients was measured at each visit as \>95, 80-95 and \<80. The adherence of the patient at the end of year was considered as above 95% if he/she had sustained adherence of above 95% for every month. It was considered to be below 95% if it decreased at any time point.

As the patients were enrolled from various research studies, including HIV-TB co infection studies; clinical diagnosis of the patients from TB study was not included while calculating proportion of opportunistic infections (OIs) at baseline to avoid selection bias. Data analysis was carried out using SPSS (version 15.0, SPSS Inc., USA)

Results {#sec1-2}
=======

Between December 2005 and April 2008, 270 patients were registered in the ART clinic. Of these, 142 (52.6%) were naive to ART. The baseline characteristics of these naive patients are shown in the [Table](#T1){ref-type="table"}. Male: Female ratio was 1.5:1. Patients had a mean age of 31.9 ± 6.78 yr, a mean body mass index of 19.6 ± 3.35 kg/m^2^ (Males: 20.1 ± 3.26, Females: 18.9 ± 3.39 kg/m^2^), a mean weight of 50.80 ± 11.21 (Males: 55.69 ± 10.31, Females: 43.5 ± 8.2 kg). Median CD4 count was 109 cells/μl (IQR: 60-160). All patients were followed up till March 31, 2011 and the median follow up duration was 44 months (IQR: 37-53.3 months).

###### 

Demographic and biological characteristic of ART naive patients attending ART roll out clinic at NARI, Pune

![](IJMR-137-942-g001)

Two patients were positive for hepatitis B surface antigen. Sixteen patients were transferred out to other ART centres and six patients were lost to follow up.

*Survival and other clinical outcomes*: Seventeen patients (12%) died after ART initiation and six of them died within first 6 months. Survival analysis showed that the probability of being alive at the end of one year was 94 per cent, 92 per cent at the end of 2 years, 91 per cent at the end of 3 years, 87 per cent at the end of 4 years and 85 per cent at the end of 5 years ([Fig. 1](#F1){ref-type="fig"}). Survival of patients stratified by CD4 counts at baseline showed that the probability of being alive in patients with CD4 count \<100 and \> 100 cells/μl at the end of five years was 79 and 92 per cent, respectively (*P*=0.011) ([Fig. 2](#F2){ref-type="fig"}).

![Survival of ART naive patients attending NARI ART Centre (n=142).](IJMR-137-942-g002){#F1}

![Survival of patients on antiretroviral drugs stratified by baseline CD4 lymphocyte count (n=142).](IJMR-137-942-g003){#F2}

The CD4 cell count of ART naive patients showed increase at all monitoring points after initiation of the treatment ([Fig. 3](#F3){ref-type="fig"}). The median CD4 count of ART naive patients increased from 109 cells/μl at baseline to 290 cells/μl at 1 year, 408 cells/μl at 2 years, 429 cells/μl at 3 years, 482 cells/μl at 4 years and 561 cells/μl at the end of 5 years. The increase in CD4 cell/μl count was statistically significant at all yearly follow up visits (*P*\<0.001).

![Changes in CD4 count in ART naive patients attending NARI ART centre in Pune (n=142).](IJMR-137-942-g004){#F3}

Though there was overall increase in median CD4 counts at different time points, 8 per cent (7/87) patients did not show increase in cell counts by 50 cells/μl at 6 months. In 14 per cent (11/79) patients, there was no rise in CD4 counts by 100 cells/μl from baseline at the end of one year in spite of \>95 per cent adherence.

Viral loads were estimated in a subset of 68 (47.8%) patients after a median duration of 46 months (IQR: 38.3-54.8). It was undetectable in 61 (89.7%) patients and of them, the drug adherence was more than 95 per cent in 43 (70.5%) patients. Of the seven patients with detectable viral load, three (6.5%) reported more than 95 per cent adherence.

The data showed that number of opportunistic infections decreased as the CD4 counts increased over the period of time. At baseline, 14 per cent patients presented with single or multiple opportunistic infections with tuberculosis being the most prevalent. However, as the treatment progressed, the proportion of patients presenting with opportunistic infections decreased to 4 per cent at 5 years.

The mean body mass index increased from 19.6 ± 3.35 at baseline, to 21.2 ± 3.01 at 1 year, 21 ± 3.10 at 2 years, 21.5 ± 3.02 at 3 years, 21.9 ± 2.98) at 4 years and 20.7 ± 5.7 kg/m^2^ at 5 years.

The treatment substitution was done in 33 (23.2%) patients due to side effects or drug toxicities. The reasons for substitution for nevirapine-based regimen were skin rash (3.4%), neurological side effects for stavudine-based regimen (5.6%) and anaemia in zidovudine-based regimen (11%).

Analysis of the data on cumulative adherence showed that 91 (66%) patients reported adherence of \>95 per cent during all their follow up visits. The median CD4 counts in these patients increased by 490 cells/μl at the end of 5 years from baseline which was statistically significant (*P*\<0.001).

Discussion {#sec1-3}
==========

The data collected from ART programme clinic at Pune provided evidence supporting that the first line therapy was effective in HIV infected patients attending the clinic. The probabilities of survival at the end of one and five years were 94 and 85 per cent, respectively. This was higher than reports from other Indian studies[@ref9][@ref10]. This may be due to good follow up rates and high adherence to antiretroviral drugs. As number of patients in the clinic was small, it was possible to give more time to each patient and motivate them for adherence. The results were similar to reports from south Africa[@ref14]. The survival analysis was carried out using CD4 counts stratification and the results showed that patients with advanced disease had probability of less survival as compared to those with ART initiation at CD4 counts of \>100 cells/μl. This finding was similar to the studies done elsewhere[@ref11][@ref15]. It emphasizes the importance of creating awareness about early diagnosis so that the eligible patients can be initiated on ART earlier.

The optimal response to ART therapy is indicated by a median rise of CD4 count of 50 cells/μl at the end of 6 months or 100 cells/μl at one year of treatment[@ref16]. The studies conducted in different countries have documented different levels of rise in CD4 counts after the treatment. Our results on rise in CD4 counts are similar to that observed in other studies in India as well as in other countries[@ref9][@ref10][@ref17][@ref18].

Though overall immunological response was satisfactory, three patients did not show increase in CD4 cell count at 6 months and one year follow up. Viral load assays were not performed at scheduled follow up visits as these were not included under the 'essential' investigation in the programme. So it was not clear whether the patients had suboptimal response to antiretroviral therapy or virological failure. A study from Germany has documented that compared with immune responders, patients with immuno-virological discordance seem to remain at increased risk for AIDS, and absolute risk is greatly reduced after the first six months of complete viral suppression[@ref19]. It would be helpful to perform viral load assays in patients with suboptimal response to antiretroviral therapy to differentiate them from virological failure.

Viral load estimations in a subset of 68 patients showed viral suppression in about 90 per cent patients and the drug adherence was more than 95 per cent in 70.5 per cent patients. Most of the study patients for whom viral loads were available had virologic suppression though only 70 per cent of them had reported their adherence over 95 per cent. A study on non-nucleoside reverse transcriptase inhibitor (NNRTI) outcomes among combination ART-treated adults in Botswana has shown 6.6 to 9.6 per cent failure in patients on efavirenz and nevirapine based regimens, respectively after 3 years of treatment[@ref20]. Another study from South Africa has shown improvement in the virologic outcomes in a linear dose-response manner as adherence to NNRTI-based regimens increases beyond 50 per cent[@ref21]. A study conducted in United Kingdom on long term trends in adherence to ART has reported that adherence does not decrease on average over more than a decade from start of HAART which is beneficial for patients as they could potentially maintain viral suppression for many years[@ref22]. This also emphasizes the importance of adherence counselling in the ART centres.

The opportunistic infections were decreased significantly from the baseline and BMI showed increase at the end of five years indicating the clinical improvement in addition to the immunological restoration. These findings are similar with the data published from other free ART centres in India[@ref9][@ref10]. In our analysis 70 per cent patients had adherence of \> 95 per cent throughout their follow up visits. The adherence is reflected in the effective rise in the CD4 counts. Higher levels of adherence were possible as they had excellent rapport with the clinic counsellors. They approached the clinic in case of problems like side effects, clinical problems or drug reactions and received counselling and care at that time point.

This study had certain limitations. The clinic provided free antiretroviral drugs to patients who participated in the institutional research studies and hence the number of patients was less as compared to other Programme ART centres in the country. Some opportunistic infections may have been missed in the follow up as the patients got admitted in the private hospitals and the actual number may be underestimated though every effort was made to record any such episode of hospitalization or treatment in each follow up visit. The opportunistic infections diagnosed within three months were not considered as immune reconstitution inflammatory syndrome (IRIS) in this analysis as CD4 counts were not performed and hence could not be shown as immune reconstitution at that time point. Viral load was estimated only in a subset of patients during a defined period and there could be bias in the results. Since the regimens in the national ART programme under good adherence and minimal attrition rate have shown good response up to five years, there is a strong case for greater efforts for better follow up, retention and drug adherence.

In conclusion, though our results are based on a limited number of patients, our analysis has documented the efficacy of ART regimens in the Government roll out Programme for clinical management of patients. It is necessary that Programme invests in decreasing loss to follow up and increasing the adherence to antiretroviral drugs to achieve the success in virus suppression.
